Recent KLOE results

BIQMA
2= Ay

Biagio Di Micco

(on behalf of the KLOE collaboration)
Universita degli Studi di Roma Tre
I.N.F.N sez. di Roma lll




‘Q + Talk outline 2

‘@

Detector description
Kaon physics
+ V _and lepton universality with K neutral semileptonic

decays
+ V _determination from K-uv

+ Measurement of Br(K-uv)/Br(K-ev) and limits on MSSM
+ Search for K.—~e* e

+ Measurement of K »yy

Hadron physics
¢ 3 measurement

+ on’ Cross section measurement

¥+ 5 mass measurement, » =3z’ Dalitz Plot Slope, n— »'
mixing angle

+ Scalar physics
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‘ai/ The DAFNE machine and the KLOE detector -

-

- o(e*e—=>¢)~3ub Vs=mfp)=1019 4MeV

¢ DA®NE

. Independent e*e rings to reduce beam-beam
interactions
. crossing angle: 25 mrad, p (¢) ~12,6 MeV/c

- Bunch crossing every 2.7 ns IL&=25ﬁ1
. injection during acquisition

L 32.5m

- 2 el
L =15210" em’s
Electromagnetic Calorimeter (EMC) Cryostat |

Fine sampling Pb / Scifi 0./E = 5.7%A E(GeV) —~—_ Barrel EMC =
Hermetical coverage ~ I |
High efficiency for low energy %+~ SApsNE(GeV)® 140?; —DRIFT CHAWBERY |, ()
photons ol ¢ ui &?//
| S = 5l
Central drift chamber (DCH) — i %
Helium based gas mixture / ==
0-” =1mm opt /pt: 0.5% I \_@E%l_fél_:l@gﬂ =T
0,,=200 pm  O,=2mm ":Z;]m
215 m
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Kaons measurements 4

Neutral KAONS

Absolute branching ratios of the K decays (K -»z* 7~ tagging):
. Ke3, Ku3, K3n° ,Kx* 7~

K| lifetime using K -»37°7, = 50.92 (30) ns

Ke3 form factor slopes 4’ , A",

Br(K.z* n~)/Br(K n°z°), Br(K.w ev)/Br(K n*m~)

Ke3 and Ku3 combined fit to determine ' , A", and 1, assuming
lepton universality*

K.~ e*e  search*, K. - yy Br measurement*
CPT testing with the Belle-Steimberger relation
Charged KAONS

K*I3 Absolute Branching ratio measurement*
K*n*n’ Absolute Branching ratio measurement
K*uv Absolute Branching ratio measurement
7(K*) measurement*
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':: " h » Semileptonic measurements V _ and lepton universality

3 13| FRO Y2 m?2, . | ¥ .
Master formula: I'( K 13(~)) = |I--',_£q!E " [F ﬁ&iw CF Igo (1 +0%)

Theoretical inputs:
o [,(0), form factor at zero momentum transfer: purely theoretical calculation
¢ 0/,, eem.- and (for K*) I-breaking effects, known @ few per mil level
o [Spy. short distance corrections (1.0232), C, =1 (2) for K" (K*) decays]

Experimental inputs:
It = I({A, },{A,},0), phase space integral, A, A, denote the t-dependence of

vector and scalar form factors:

. Fm 3(y)*

e M., appropriate kaon mass

semileptonic decay width, evaluated from y-inclusive BR and lifetime

KLOE measurement for all relevant inputs: BR‘S, T's, ff's

Can compare short distance couplings g() = | GV, eand 1L modes

fl " us

Biagio Di Micco  XIII Lomonosov Conference ~ MOCKBA, 23-29 August 2007



Tagging technique 6

K,, K*~ pairs from ¢ decays, emitted ~back to back, p ~ 110 MeV

Identification of K, (K*") decay (interaction) tags presence of K, ((K~*)

Almost pure K, . and K*~ beams of L
r"‘:—___-.“'-". _—-_.::"":..,
known momentum + PID A TS
- [ A ] ml:y
(kinematics & TOF): A Jaiy
il ) A1
e Access to absolute BR's ﬁl M= ‘.g:}fu'r : }\
. ﬁ:_l""h-qa .;p :
o Precise measurements of K, . H; i pas ipfy
' N H ’ '
. . i =
from factors and K, K* lifetimes W / i;
(acceptance ~0.5 71, 1) LT
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4, from ku3 and ke3

arxiv:0707.4631

7

N PR
15

.2 Lii i
Rl Y LR {4 I { 8

Emis:a( Tt )'

i

< K  decays tagged by K.—»r 7~
< preselection cutting on E < —Priss
< background rejection of nr,nnr and nev
from Kinematics
<~ further reduction of Ke3 background with TOF
& NN output (based on E/p and cluster shape)
< m/u 1D with TOF is difficult at low energies

Pmiss (MeV) E:Ei:_Dalt?TtFit
Lo Slope by fitting the E,, distribution and a%ﬁ#ﬁ@#&—
combined fit with K e3 results for 1, and ", 0%f
0.04 |
KLOE 80000
preliminary 60000
A, x 103 A", x 103 Agx 103 100
20000
25.6+1.8 1.5+0.8 15.4 £ 2.1
l}l} 20 40 &0 B8O 100 120 140 160 180 200
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lk; » Absolute Br(K*13) measurement arxiv:0707.2532;

LE el ey

| Entries 54832

< 4 independent-tag samples:
K+u2, K*z2, K-u2, and K2 |
keep under control the systematic : 2000 |-
effects due to the tag selection '
< kinematical cuts to reject background

residual background is about 1.5%
of the selected K,; sample

e Data

Mc fit result: v N(n’ev) = 341094243

ries/(14 MeV)*

= N(Bkg-) = 1724%120

1000

N
8 independent measurements o ’ e eV
for each tag and charge sign.

o2 .2 02 ¢ tdec‘ay 2 1
m‘lept - ])[ept' LZ_ dept = U0 -

lept

D ey timeof theK am

BR(K ) = (4.946 £ 0.053g10¢ & 0.038,4¢) x 1072 BR(K 3) = (3.219 £ 0.04T ¢ £ 0.0275,¢) x 1077

BR(K) = (4.985 4 0.054514; + 0.037g,s) x 1072 BR(K 3) = (3.241 £ 0.037 g44¢ £ 0.02655¢) x 1077

BR(K,3) = (4.965 + 0.038 5107 & 0.0375,¢) x 1072 BR(K, 1) = (3.233 £ 0.029514¢ £ 0.0265,,5) x 1072
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ﬂ@/ K+ life time measurement 9

<% Poor consistency of PDG average with measurements spread
Ot/t~0.2% — oV /V ~0.1% 3T/~ 0.8% — &V _/V_~0.4%
< Use K, tagged decay vertices in drift chamber and two different methods
to evaluate the proper time t* (cross-check systematic effects)

Fit to r distribution from decay length  Fit to  distribution from decay time
Coverage: 16-30 ns = 1.17_ Coverage: 13-42 ns = 2.3t,
Evaluation of # includes dE/dx (2 mm steps)

g
- 2
w0l Ewl .
P | i
 16-30 ns™ | he? ‘
", - 13-42 ns {}HH_
by 'l
i ; |
t* (ns) ”*d [ t* (ns) & '

L {ns})

r.=12.367(44)(65) ns  [RRelS 7,= 12.391(49)(25) ns
N ‘07 preliminary p=0.34
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& - Semileptonic measurements and lepton universality 1

—

© Use ff slopes from KLOE ;, KLOE , to evaluate phase space integrals
Mode f (0) x|V | Error,% KLOE input External input

K, 021547(72) 0.34 ff, BR, 1,
K,, 0.21661(93) 0.43 ff, BR, 1,
K., 021522(145) 0.68 ff, BR t. [PDG]
K+,  0.21465(137) 0.64 ff, BR*t 1 [PDG]
K+ 0.21302(155) 0.73 BR*, = v [PDG]

Ax--'g'-"*' 0.21556(59) 0.27

e/l universality satisfied, using only KLOE results get accuracy <0.004:
K, g(u)/g(e) = 1.0054(44) cfr with g(w)/g(e) = 1.0232(68) [PDG04]
K-~ g(w)/g(e) = 0.9924(54) cfr with g(w)/g(e) = 1.0020(80) [PDGO04]
Average g(n)/g(e) = 1.0005(38)

Compare with 7= N~v decavs: g(lL)/g(e) = 0.9999(20)
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2 V _ determination

11

S

[[&]

£+(0) from UKQCD/RBC '06

V.| = 0.2243(13) from KLOE KI/3

s

Fit results, no constraint:

V., =0.97371(26)

Unitarity
constrained at

0.23 | * Vi = 0.2252(10) < 7%X10* level
»2Indf = 0.85/1 (36%) RGN /AME 'AN
vl Vil
fit with Fit results, unitarity constraint:
0.225 - fit -P' sty V., =0.97405(17)
v V. =0.2263(7)
g “ yIndf = 3.8/2 (14.6%)
. = . Agreement with unitarity 1.5¢
0.97 0.975 Vu . 1 mf, 2
mgll-

my| |V, [ frl+a/nC
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lk; + ke2/ku2 and Lepton universality 12

. Several extension of the standard model predict lepton flavour violation due to

the contributions of new particles in the decay amplitudes.
. In the MSSM the decay rate K-»e v,K-»u v can be strongly modified by the LFV

modes K—e v throuah H* exchange A 5
m i
matrix ~ K — TR T 2 ‘ R B
element o €
-9, )\ sleptons
1 |

“ ~ T

®, !
fr B vy

| Unluckily only an upper limit on A3!_ (o« 63! .
s BINO | FV mass matrix term) is available A < 107

A—T1T
100} mn ]
e || Contributions at percent level are possible with
10 m=twocev: M, = 160 GeV, tang = 50 and A3, = 4x10°

e L g f
-

CDF 20 hint

50 100 150 20 300

— Myis (GeV)
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ke2/ku2 at KLOE 13

- kink
1) Select one kink in the D.C.; LK spv
2) Ktrack required from the I.P; \é*ﬁ NN
3) e/u discrimination through E/P and ATIHAHIT 4 Hh
EMC cluster shape analysis; ,.E LN iR ﬁ
4) M2 (m_ = 0) from 2 bodies kinematic q; = Jj
and E___ (rms of energy distribution in S| L
calorimeter planes) used as counting RV R
variables. K= ma's Tl
< . E, . (MeV) Data [U
-- " Fit 2D
3|4 / ﬂ\ERMS(Mew t ke2 ® distribution
(| f l\ \ " to extract
2| ‘:H HI Y MC Kez 9 H+e signal count
g EL MCK 2 0 Fit region .
1} H_IH \ 4 20
'} \ °f 1
AN %, _
0 Ll i W H0600-8000 -6000 4000 2000 0 2000, 4000 G000 -
0 40 80 120 Mz, (MeV?)
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$| . ke2/ku2 preliminary result 14

[ - 4 S

Likelihood fit of MC shapes for

ke2(y) and background;
S0 : Free parameters: background and
signal yield.
400 . N, = 8090 = 160 evts.
T M2 (MeV?) CS: Kmu2, ke3 and kmus3 to
() pecteefes® T g determine kink-one prong efficiency,

24000 -2000 O 2000 4000 PID efficiency, correct MC
distributions. -

~TRG

- YPID ~PID
~ Kel ~Ke? Z ~Ke?

N ~TRG
Ry — IVKe2 | “Kp2
K — %7

N K p?2

('TRK EIT&T-; 1 1 5
7 TTRE | | ¢ 15 = (2.55 £ 0.05 + 0.05)x10

Agrees w SM: (2.472 + 0.001)x10~° &2 NA48 preliminary: (2.43+0.04)x10°

E™® (Inner Bremstrhalug E <20 MeV to cut Direct Emission, 0.45% sys. err.)

1% error reachable increasing DATA sample analysed, CS statistics, MC
Background simulation
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K-uy sensitivity to new physics 15

H- contribution to helicity suppressed SM decays

T'(M — tv)
FSJ‘J (J\[ — f?l/)

] » M 4 m?, 2 Hou, Phys. Rev. D48 (1993) 2342
T My+gq ) m2, | Isidori, Paradisi, Phys. Lett. B39 (2006) 499

In the K .and z case large uncertainty in I'., due to the theoretical factors f, and
f . Much better determination of (f /f )/f*(0) using Callan-Treiman.

2 2
mg|l-——3 NP contributions in
I oy(K—uv) M| Vil £ |Vief (0)figs fic 1 ki3 can be neglected
T (m—uv) 2PV LEET (Vv P £ F(0) because it is not
m, |1 —ES helicity suppressed.

Assuming CKM unitarity, negligible NP contribution on w—uv, I',,(k=uv) can be extracted
from Br(z—=uvy).

Using Br(K* - u*ry) = 63.66(17) Phys. Lett. B 632 (2006), 76 (KLOE)

Br(K*- u*vy),, = 0.6353(77) from FLAVIA NET Fit (http://www.Inf.infn.it/wg/vus)

b,s,d

o+
I'K-uv)

I (K-puv)

R= =1.002+0.012 g+ g+ 7+

Vi
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3 i 16
‘ Tang M, . exclusion plots

Br(B—->tv) = (1.42 £0.44)x10~* 5 _T(Kopy)
Br(B - )., = (1.6 £0.4)x10~* " I'(K-ev)

Belle — Babar average (EPS '07) _
KLOE LX=Zwv)  ggoy L.

RK = (2.55 =+ 0.07)x10* I'(m—pv) excluded
preliminary KLOE result

R, very powerful but strongly
dependent from LFV parametersb

A3 ~ 4— pMymzdgg |1 (ME, @2 mp)— (e mm}
'
A B->1v

Requires LFV in sleptons mass matrix
(expected from neutrino mixing matrix)

d3idniox3a d3l

30

Sensitive at high values 20
of SUSY breaking scale 1

0 0 50 100 150 21|]0 25|0 360 R;llO 40?& \;30
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lk;/ New physics search in K »ee arxiv:0707.2687 -

SM prediction very low BR(K; -» e*e’) = 1.6x 1015 [Ecker, Pich 91]

Large room for discovery - event selection (1.32 fb-1) —

- K;tagged by K, crash
_ e 2 tracks from IPto EmC with
| X2 Ks— TUTU - UM M. [e+e- hypo] > 420 MeV

300 —

200 b

K, > Tt x* like variable based on:
@ > TUTTP - TOF of the 2 particles, E/p

Ks - e'e™ . - distance between track impact point
-~ signal hox and cluster centroid

N,,.=3and ug;=7.1+3.6

N s € BR. Komm
450 500 550 600 650 70 UL(BR) — UL(N _ ) X it X Tt s
M., [e'ehypo] (MeV) TR

KLOE preliminary:
IBR(K; - e*e"(y)) < 2.1 x10°° @90% CL [CPLEAR: < 1.4 x 107

150

100

50
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l 5 K_->yy (ChPT testing) arxiv:0707.3933 18

Data sample analyzed: 1.6fb!

- pdf ﬁ e W s N_, = 600.3 + 34.8
- K, tagged from K interacting in 5.89% stat. error
- 2 prompt photons required .Bw (5.8% )
Main background K. - 7’ z°with two 20T
photons lost at small angle, rejected

using kinematic fit. o L r 1
M,, (MeV)
£ ,(tot|K —crash) BR|Kg— 277°
BR( ng W) = NW 2710( | L ) ( S ) <
£gc (1ot | K —crash) N, . Z
T NA="
o XP NA48 NA48/03
EsiG (tOtl KL'CraSh) - (50-8 + 0-6)% % O(p*) O(p®) ;
£, (tot | K -crash) = (65.0 £ 0.2_,_, + 0.1_)% oot ) fffffffffffffffffffff o
BR(Kg— py) = ( 2.27+0.13_, tg;gf;) 10 ‘
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Hadron physics 19

Hadron cross section measurement

o(ete » n* x7y) at small angle*
o (ete - n* 77y) at large angle*
o(ete = a*ay)/ o(ete -» utu-y)
7/ physics
7 mass*
n/m' mixing angle*
Slope parameter in the -3’ decay*
n->n* n- 7’ Dalitz plot fit*
n->n* n-e* e Br and asymmetry measurement
n->n'yy Br measurement and fit to M_spectrum

Scalar physics
f,>n*n-and f,—»n’x’

Search for f,>K K" } 4q candidates
a, Br(¢—>na'y) and fitto M_«

ete -»wn’ cross section measurement*
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'=" ; '?-"5. /4 Hadronic cross section measurement 20

L

arxiv:0707.4078

aﬂis one of the most accurate measurements
in physics

Theoretical calculation uses hadronic cross
section through dispersion integral to
evaluate low energy QCD contributions.

2 - 1 K(S) ~ 1/s
ahadr __L | i ghadrexp(sik(s) 4 [dsahairPACO(s)(s) |l Low energy contributions
| 477 | 4o E2 enhanced, largely dominated by
JT L

the 7+ 7~ channel

Traditionally measured with sqgrt(s) scan (CMD-
2, SND at VEPP-2M)

KLOE started to measure with ISR technique
need the knowledge of the radiator function H
Phokhara MC generator (Eur. Phys. ] C27, 2003)
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@l . KLOE hadronic cross section analyses 21

~ Pion tracks at large angles
50°< @, <130°

a) Photons at small angles
6, <15°0or B,>165°

=» No photon detection!

ij = Piss = —(P+ + P-)

+ High statistics for ISR photons

+ Very small contribution from FSR
* Reduced background contamination

- 7 o 1
oo ;x'};"?'v:*?;’.ﬁt;': R J"'-"-‘?':’Ff.-"'?_?_?; .
S St e
: EL NN W

Sy
SRS {an D

5.C.|CCIL

b) Photons at large angles

50° < 6, < 130°
=>Photon is observed in the

detector!
O
' | N N S o
» Threshold region accessible AN SN NN
g v V |
* Increased contribution from FSR P ' : - 0
» Contribution from Fm

¢ —=1,(980)y =ty
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Small angle analysis 22

Small bug found in the trigger
efficiency evaluation procedure
on 2001 published result (the
result has been updated).

Improvement in 2002 analysis.

1) 30% cosmic veto inefficiency
recovered by introducing an
additional software trigger level;

2) Background rejection filter
and pre-filter improved reducing
systematic < 0.1 %

3) Luminosity more accurate
thanks to the new Bhabha MC
generator Babayaga@NLO
(error from 0.5% to 0.1%)

1400 |

1200 =, a L et . KLOE 2002
—-uinu‘-n‘n-<|Hr-Tin-n‘lil-u-u.ﬂ‘ u-u.«uu-u-.;--nnu|nu--u-nilnuu-u-n-n.u-?-H-u-u-u-u-ugu.u-u-n-u.u-|
o v  KLOE 2001

1000 SR DRRRPORN NPT | [P SRR WO (3] [ |1 -] : |

- 5 e ; : :
S i : i : E i
: . s : : . :
I — L O P S e e L i S i e mmm e s mara e o froree e e e R R [ e gt S
Lo a : L a ; :
: ; : : . : :
" ¥ o - a = i "
OO SO | N . S, NP, s, (S AR | SNSRIV, - N
. : T : : 5 ;
i h : i " ; i
T 7y [ TECTERS SRR v APRTRI VRPN SRRIRRISRING . P YReatns Iopammeen: Memse—
L i : i 1 ;

200 } ...... émmw“mémmmm% .................. % ................... }mm:h%:mmmemmmm”

a,™(0.35-0.95GeV?) = (388.7 = 0.8,,=4.9, ) - 1010

alu.-s,T(O.35-0.95GeV2) (384.4 = 0'85tati4'gsyst) . 10-10

stat

a,™(0.35-0.95GeV?) = (386.3 = 0.6

+3.9,,¢) - 1010 |

Biagio Di Micco  XIII Lomonosov Conference ~ MOCKBA, 23-29 August 2007


mailto:Babayaga@NLO

Large angle analysis

23

Preliminary!!!
2002 Data_ L = 240 pb 1

r %‘ = s +
P E Lo e

T +'§ gKLOEzuu; LA
1nuu7~?wmwimm~?mmwimmm-MWML_mm;mmm;_mm;mwm

1400 —

L Errﬂr an LA dmnmated
£ by sys‘t UIICEPI'IaII'IT.'y cm

600

f.g cumsr . 5 * n "
I 5 5 é L : ‘ 5 i

L

L fh f A i
2001 4 it o SR YU WU W N NN S
Lot 5 T,

L il S

01 02 03 04 05 06 07 08 09 1
M, [GeV?]

f, systematic error evaluated using

different theoretical models

reproducing the KLOE result
(Phys. Lett. B634 (2006) 148-15¢4

(GLA _GSA)/GSA Ra_nge of comparison :

Lt

.0.05 _]HHH{}

"f;5“'1ﬂ%‘ﬁ‘*‘*1‘*‘“?1‘{**"“""

R SR WO ST

Y

| (GeVz)

063 04 05 06

Small angle:

07 oa 0.9

a,7(0.50-0.85GeV?) =

(255.4 + 0.4, +2.5,,,) - 1010

Large angle:

a,7(0.50-0.85Ge\V/2) =
(252.5 £ 0.6, + 5.1,,,) - 10-10

stat Sys

60% of
systematics
due to f, !!!
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l | 4 a7 summary 24

Comparison with a, ™" from CMD2 and SND in the range

0.630-0.958 GeV : Aa, =aS® -all“ = (28.79.1)-107"
Phys. Lett. B648 (2007) 28 y 5 Jegerlehner, hep-ph/0703125

T T T | %‘ITV_V_V’

CMD2 1998: '?1,,

——A— )b‘
361.5+1.7., #2.9 o
S ff 'y
SND:
I y i
351.{]—2.{]5TM*4.?5,,5T Using KLOE
results
KL OE 2002 orelim.- discrepancy from
prefim.: R 320t03.40
355.5+0.551,1+3.65y 01

|| | | | | I | 1 1 | 1 | | | | 1 1
330 335 340 345 350 355 360 365 370
a (0.630-0.958 GeV) (107"
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Status of the » mass measurement

25

The two most recent and precise measurements show a 8s discrepancy on the » mass :

GEM [COSY, Julich] —

% = (547.311 + 0.028 + 0.032 ) MeV/c?

[M. Abdel-Bary et al., Phys. Lett. B 619 (2005) 281]

Missing mass inp +d = BV
NA48

9\/4] = (547.843 £ 0.030 £ 0.041 ) MeV/¢

~®

——

GEM

NA4E

MAMI

SATURNE

RL

[A. Lai et al., Phys. Lett. B 533 (2002) 196]

Using 37" from 7=+ p =71 +n

5465 5470 5475 5480 5485

M, (Me?)/2)
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Measurement of the  mass.

26

p-=>ny m-=>yy) > n mass

GeV2
-
[

p=>aly (B =yy) e ot

( VV). T° Mass | E<E<E
*+ The photon energies are over constrained by 2 3
a kinematic fit which links the energy to the "

position and times of the clusters. YR

m Y,Ys

07

0.6 -F ™

* The time scale and t, is calibrated run by run using

05 [

ere = yy o |
oo k
] L] [] L] L] 0'3 - I : I : I ! .‘khl _1
* The mean position of the interaction vertex is o008 0l 0'1527(:,'2 R
determined by Bhabha events and cross-checked 30 [

with z*+ 7~y events.

300 -

250

+ The dis-alignment of the calorimeter respect to the

Drift Chamber is evaluated using #* 7~y comparing
the extrapolated tracks with the cluster position.

events/ (62.5 KeV)

100 kﬂ
+ The ¢ total momentum is determined run by run N M‘M

200 |
150 : MM

using ete—ete events. " s

550 552
MeV

10

10 2

210
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ISR correction 27

ISR radiation lowers the average Vs value
of the ¢ meson.

, A The shift is evaluated on MC and
e compared with the DATA using on peak
4%% points and 2 off peak scan points.
e i no 548
g2 M 2 ses |
sk MC 95 I Corrected values
[ 5479 [ R
1L R E
f \ 547.85 |
03 -
5478 | o :
06 | I
< : g 54775 | g i !
04 [ ¥ :
[ 5477 F 7
02 F
[ 8765
g r -
: DATA 5476
02 - 0, = 0.008 MeV|
[ 8785
" _ | ] ] 1 1 ]
1000 1005 1010 1015 1020 1025 1030 1038 V- g 2z 4 6 &8 10
EqrtE MeV Point rmmber
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-0 l\a » Results 28

il E{\_O g -

—
Systematic table

systematic effect my (keV) | mqo (keV) | my /mgo ¥ 1f==5 Compa rison with recent
Calorimeter energy constants 4 1 5.6 determinations
Calorimeter not linearity 4 11 31
Vertex position 4 6 19 I I din
Angular uniformity ¢ 15 12 37 7 Mass puzzie solvea:::
Angular uniformity & 10 44 120
ISR effect 8 9 28
Dalitz plot slope 12 4 15
Dalitz plot cut (constant) 12 1.9 10
2 cut 0.7 4 13
overall 27 49 136

HN

m, = 547.873 £ 0.007(stat.) & 0.031(syst.) MeV

My, = 134.906 £+ 0.012(stat.) & 0.048(syst.) MeV
(1.4 o from PDG)

arxiv:0707.4616 e NS S

N mass (MeV)
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» 7’ gluonium content PLB 648 (2007) 267 2

427 pb* (01-'02 data) R=(4.77+0.09  * 0.1.95},5 Jx107
Using PDG BR(¢->ny)
= 1.665X 10*
R Brip->ny)= (6.20+ 0.09,, + 025 )x10°
no bc . SYStT!
Systematics are dominated by knowledge of 5,5’
N fr*Ty '§)= 3750260 (= 345) branching ratios 49% y?
probability
[ l [ 0.3
/ F E
M] y) = 3405i 615tati43syst b 09 _ Ly =yy)/T('=yy) /
08 | - T=py)/T(=ay) o
— 1200 07 F emn R, 0.1 E
2: _ n f51'cq11a[ (~10% EC@ 0.6 __ Ty =>wy)/T(w-r")
" Fit results
400 ¢P=(397 + O.7t0t)°
200;- |¢G| = (22 £ 3)° N
033:1-. gt IN‘Ps=22=0.14 * 0.04 Y e (/v 43¢)Jn
Mr* 6y (MeV) P
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9| . 7-32’slope parameter determination 50

o/ [

—

"
;
y

y=>37" is an SU(2) breaking decay, it can be used for m -m_determination.

. . 9 3 3E —m, \? )
The amplitude can be written as: |4, 5.0 (2) 2014207 -2 ( —m, ) p

i=1

My — 3o P%[AX

The z distribution is fitted with a Likelihood fit taking into account efficiency and
resolution effects, kinematic fit imposing M, =547.822 = 0.005. + 0.069, . MeV (KLOE

stat® —
preliminary).

PRELIMINARY
x*/ndf 21.51/23 o = —0.027 £ 0.004 (stat) 0002 (syst)
el Average a = -0.030 = 0.003

[\

0.19
B O, KLOE

e Crystal Ball

m‘ Fit range |

Foaa o b b b s by s b s a by s s Vo sy b sy 1y I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
z

arxiv:0707.4137

L | L
-0.05
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arxiv:0707.2355

31

|M"-1+¢1Y+.~fu‘if”+¢:X+4|ti!)£'1+e}{]?’+f’Y3

Entries 1425131

\r(n —37) x |4 « Q"‘I

B.V. Martemyanov and V.S. Sopov [PRD 71 (2005)]
using preliminary KLOE result:

a = —1.090 + 0.005 (stat) “ o1} (syst) Q=228+04

b= 0.124+ 0.006 (stat) x 0.010 (syst)

d = 0.057+0.006 (stat) *3 05 (syst)

F = 0.14+0.01 (stat) + 0.02 (syst)
c=0.002+0.003 (stat) + 0.001 (syst) C-parity The error is currently dominated by
e = —0.006+0.007 (stat) *5o5 (SYS)  copservation  the knowledge of I'(n—wawr)

In agreement with other theoretical calculations
(e.m. K/n mass differences, higher order corrections)
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The a,(980) model parameters are obtained from the M, spectrum

Kaon loop (5 parameters)

a() cqaoycyc / ( 4‘77:) : gcpKK
Yooy ﬁ/cqaoyggl $T(¢ =P T n 7-(,'0)/); ® Jaokk
gaOnn

O (phase between scalar and vector ampl.)
(Achasov - Kiselev Phys. Rev.D68(2003)014006 )

data o
. B0 | ¢ N -N,, = 13269 = 192 events
oo | N € =39 %
fy m3 ¥
v Br(y=yy) = (39.38 = 0.26) %

The normalization is obtained
counting the number of y—=3x°

065:0 700 750 800 850 900 950 1000 1050 ﬂr@éﬂno)/) (6 ‘92+ 0 1 stat

300 | MW
o

200 —
100 *

+ 0.20,) X 10°
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@ & The yn%y analysis - charged channel 33

The decay n-»n* 7~ n’is identified N = 4180 Nbackground =542 £ 57
- Brip->nnly)=(7.19% 0.17,,* 0.24,)X 10°
P <10 PRELIMINARY
. jjz : Total spectrum %ﬁ% - :
i 0.25 |
120 _ % ﬁ'ﬁ; %ﬁ 0 Kalashnikova
80 — 0.15 \ \
w :_ 0.1 HEseribano
10 _ I Palomar

0.05

20 |

WW

SND
a0 neu

700 730 800 850 Wlﬂ 950 I ll]-I}D
Mnn) (MeV)

Expected background

CMD-2
KLOE_00
a0 charged
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The nn'y analysis - combined fit to the spectra 3+

1 1 1 1 1 1
(hbl) 700 750 800 850 900 950 1000 1050
M, (MeV)

N o stmicturemaodel

50 700 750 800 850 900 950 1000 1050
M, (MeV)

Events

Events

140
120
100
80 |
60 |
40 |
20

200

180 [
160 [
140
120 |
100 [
80 F
60 F
40 F
20 |

50 700 750 8OO 850 900 950 1000 1050 parameters In Order to have

@9

%30 700 750 800 8::0 900 9:)0 1000 10

M, (MeV)

=)

i (MeV)

arxiv:0707.4609

PRELIMINARY
KL NS

My, (MeV) 983 £ 1 983 (fixed)
Gagk +i— (GeV) 2.16 + 0.04 | 1.57 + 0.13
Gagnmo (GeV) 28+01 | 22+0.1
Jpagy (GeV 1) — 1.61 £ 0.05
6(°) 222 + 12 —
Br(¢ — pr¥ — na¥) x 10° 0.9+ 04 | 4.1 (fixed)
Br(n — ~y)/Br(n — ata—x") | 1.69 £+ 0.04 | 1.69 & 0.04
Y2 156.6 146.8
ndf 136 134

(x?2, ndf) 11% 21%

In NS model, we need to fix some

acceptable fit stability.

Biagio Di Micco
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. Event selected in the n* 7~ «* 7~ y final state;
. K. mass required for n* 7~ pairs
IM_—-M,_| <4 MeV
. Cut on the missing mass E? ._P? < 300 MeV?

miss miss

. Cluster required matching missing energy and

K°e O;kx
Ke © 9ro(ao)kk

missing momentum direction. P
. M > 1010 MeV : PRELIMINARY
2000 ;— - MC Exc-hded by< & ﬁ |
b - DATA 2001+05 | °f FSeERane o b
1500 = I omr i
1250 | Before \_ - AChaSO
- cluster ' ! Achasov 4q
“I matching Expected ~— ~ “FT.T" T faondbons . _%b -
+ 2004 8 sz on
250 :E ACbaSOV zq i

e b b
1010 1015 1020 1025 1030 G 1 Z 3 4 5 2] 7

M, (MeV)

el | Pl R
2895 1000 1005
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36

= = —_— 9
Fitted function z
ﬁw“j(;bi]jw(b égg !
o(V's) =00(Vs) |1 = Z—— ° o
Dy . E
¢ propagator * o o
= 09
Parameter (ete™ — ata—x07") z U F
= 07 B
oi™ (nb) 8.12 £ 0.14 o oo |
R(Zar) 0.097 +0.012 "
o4 A—r
I(Zar) —0.133 £ 0.009 1000 to10
i —~90.5
!/ 1/ T N N AN 'u)—>/0“»' ;i
o (nb/MeV) 0.072 £ 0.008 ao( T.)U 0.0956 £ 0.0022 =
oo(w — mrm7Y) o
.
Parameter (eTe™ — '?TO'?TU’}-") N S
— . s = 0.0934£0.0021  E |
o, (nb) 776 £ 0.012 D(w—7'r ")
R(Zrey) 013 +£0.013
3(Zrry) 0.155 +0 Branching ratios obtained |
ol . (nb/MeV)  0.0079 £0.0006 assuming unitarity ando *°|

1020 1030
Vs (MeV)

rare decays from PDG.

1020 1030

Vs (MeV)

89

B KLOE
® PDGO7
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Conclusions 37

Unitarity test at per mil level
Lepton universality with kI3 checked with < 0.5 %
KAONS MSSM sensitivity in ku2/zu2 (complementary to B-v and direct
search) channels and ku2/ke2
K.—~yy compatible with p* ChPT predictions

Best measurement of the » mass agrees with NA48 and CLEO
nin' (# mass puzzle solved);

Competitive measurement of « in n—=3x"

3o valence gluon contribution seen in the »' meson

New data available on the a, meson, useful to establish its
SCALARS nature;

¢—>f.y—>KKy Upper limit in the observation region pointed by

many theoretical models.

Hadronic cross 2 new independent measurements in agreement,
section better determination of a ™ respect to the previous

publications.
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SPARES
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=
=) <
ag.g 39
E‘f__o_///

Relate mixing matrix elements and final states amplitudes assuming

unitarit ,-
y (F5-+r i I\],.E—,ru)‘ 1 y ]A (£)
T.o1, ﬂllﬁi’srr. e | T,TS oA )45 (f
—4 o
0.5¢ W 68% CL
~2.5 improvement wrt CPLEAR '99
@GP in kaon mixing: |
~3.6 o change wrt PDG04 —05
-2
Ree (107°)
0.155 0.160 0.165

[KLOE + D'Ambrosio, Isidori JHEP0612]
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N T

=11 M
> f,1\E Y 40
i/

Fit results, no constraint:

= [ I;urf
023 F =
FlaviaNet V. =0.97372(26)
r KAON DECAY WG
V. =10.2256(10)
V,d Vol “
: y*Indf =0.17/1 (68%)
P fit with
fit — unitarity
0.225 - Fit results, unitarity constraint:
LJ Vz.'s
V.= SinBc =1 =0.2265(7)
*’% 22Indf = 2.24/2 (33%)
é V:m'
5T e 0.3 % accuracy!
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@ W Vs determination ’

6mn/mn X103 KeV
= 1 } . -

Calorimeter energy scale S00
independent; &5 r 120

Background free; o 0
Simple analysis with small selection el 10
systematics; 1 o5 02s 0 0.25 o5
sgrt (8) MeV oy
] 1 3 500
Heavily dependent from the vs; o5 - 3m /m X103 250

Need to know ISR corrections. o b / ik
-0.5 + 1 -250

radatie retum and

ere KK Hes S =

1

cross section ( tb )

0.6

0.4 -

1 1
20 1025 1030
W (MeV)

Vs shit MeV

Vscalibrated using CMD-2 m_ value.

m(¢p) = 1019.483 = 0.011 = 0.025 MeV
Phys. Lett. B578, 285
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@l . Br(g-y%)/Br(g-yy)

427 pﬁl ( 01-02 data) 1000 [

NRNY) = 1.665% 10°
(no bck) 600

N (T Ty 5)= 375060 (N, =345) "}

200

M] IY) = 3405+ 61““143%& O Tk

R=(4.77£0.09,, + 0.19 }x10°

Using PDG BR(¢->7y)

— 5
Brip->nYy)=(6.20 £ 0.09__ + 0.25 yst‘) x10

Systematics are dominated by knowledge of n,n" branching ratios
R=(4.70+0.47, +0.31,) 10"

BR¢ - n'y) =(6.10£0.61+0.43) 10

Previous KLOE results
Phys. Lett. B541 (2002)

Biagio Di Micco  XIII Lomonosov Conference

N signal (no bck)

dN/dM

550 600 650 700

1200 [
1000
800 |
600 F
100

200 F

880 900 920 940 960 980 1000
Mr* 6y (MeV)

‘Phys. Lett. B
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;  K*-»7n* 7° absolute branching ratio measurement i

Q.

. K*tagged by K—=uv;

. Track efficiency evaluated on data through ¥ [  ovibin Nk, =818347 1912
3800 FIT

K==X*7% sample; e f N, =12113686
. P* distributions from uv and zz°CS using oo |- K+ =557+ 70 ]| K*>u*y
only calorimeter informations; sl
- 3 body decays from MC simulation ooo |
Relevant for ki3 normalisation at oo |
hadron machines. o |

; _spi(MeVic)

KLD E hel” TG E40 P00 ano Il'l.“-l\'.-":}ﬂ
L 0.216
preliminary

BR(K* — 7°7°(»)) = (20.658 + 0.065,,, +0.090_ )%
0.212 +
PDG fit '06 |
BR(K:—s7*n®) = (20,92 + 0.12)% ABR/BR=5,7x103 %" <
CHIANG 72 0.208 |
BR(K:—nn0) = (21,18 £ 0.28)% ABR/BR =1,3x102 ., 1"

S —— m e b e TEE TT T R
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I | |I|_._'

L 7' mixing and gluonium 4

The 7,7n' mesons wave function can be decomposed in the
strangeness non strangeness base.

X,y = COs ¢¢ Sin pp

, B - _
|T’l > anqu = +K?f|33 > _|_Z?f|glﬂ’0ﬂ’ = Yn; — COS @G COS (,QP

1 >=cos pp|qq > +sin pp|ss > Zy = sin ¢¢
2 3
Br(¢9}77/) = R¢:C0t2 d)P'COSz(l)G — . (l)V : pn'

Comparing with other decay rates using SU(3) relations:

]_ p 3 ; . T ,.' ;
L(n' — 4y)/T(7° — vy) = 5 (m ’ ) (5 cos g singp + \/2% COS @ COS P p)*
My ]

Cys m?2, — m? m,,
Ty — py)/T(w — 7'y) = —=—3 ( M

2 . 2
cos” ¢ sin” pp . .
m2 — m2 ?’”n’) P The gluonium coupling

COS Ly
,. ‘ 3 .
1 (m% —m? m, o is neglected.
Ly — wy)/T(w—7’y) = = ,; ; [Cns - cos dg sin pp 4
5 Mg, — MMz My

tan oy - cos ¢ cos Y p|*
n
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@l The 2’z analysis 45

Kaon Loop y No Structure { "
T
K o £, PR Tt
: =1
0 —— -
Y
K

Stog s Coupling ratio R = Goxsn/ Hpnra-r The Dalitz plot
S to Kaons Ysax=Ysxx.=Hsxox0 (S =f0 or ao) Rao:@aovwc/ ga(m)z bg T wn’o
1, tomtm (I=0) gfm=\/3/217fm+n_ a, tonm (I=1) Feonn g

=\3 Hon070 Eﬁ

Interfering background

o)
\_/nZ(l) \—A)

/ ¢/w/a) pip ’/p

”1(2) e T 2)

MEE ATETET AT IVERECETS ATSCSTATE ATSrrSr BrSTAr TS S ATArar IArarars BT e
01 02 03 04 05 06 07 08 09 1

M, * (GeV?)
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€@ ' Dalitz plot fit "

Models: Improved Kaon-Loop (introducing the @ - 0(500)y) - “No Structure”

1,(980) param. NS model KL model AS systematic
: dominated b
An ekl)ccgptgblg I:t m,  (MeV) 981 - 987 976 - 987 the fit stabili%/y
IS obtained wit o (Ger") Y ]
both models: ik %L systematic
p(XZ)(KL)=]_4:A) Jprn (GeV) 1.3-14 1.4 -2.0 dominated by
P(y?)(NS)= 4% g (GeV) 0.1-1.0 3.3.50 several versions
Lk of the fitting
R=G o /T v 0.-0.9 3.0-7.3 model.

v 0(500) is needed in KL fit [p(y?) ~ 10* > 14% 1 EP7C49 (2007) 473
(best o0 parameters are: M=462 MeV, I'=300 MeV - Imposed to the fit);
v Integral of the |scalar amplitude|? evaluated

BF( $—Sy—-n’m y)=[ 1.07 504 (£it) o 05 (SYSt) oo (mod)]x 10~

With 8R(x'%z% )~ 1/2 x BR*mw~y):
BRG —> £,(980)) = (3.1 +3.5)x 10 , TP £,(980)) =12+ 1.6keV
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€ The f,»>x'7y analysis

Dominant interfering backgrounds

1,(980) signal

0.35

Evaits

3500 .
3250 ;
3000 ;
2750 ;
2500 ;
2250 ;
2000 ;
1750 5' 4 .
B ot i

1500

1251] - 1 11 1 4 L 11 PR 11

R ?$*#Hj+

1000

parameter KL NS mm) M eV) o mgrm) M eV)
my, (MeV) 980—987 973—981 L1 Mass values agree
= ggoKJrK—/ggowaﬂ— 22— 28 26— 44 ] (qfO?(+17(->cngJt+7t: )
9gtyy (GeVTH) - 1.2— 2.0 (1 “Large” coupling to the @

B R.(p~> £O80) > TCTTY)=2.1 - 2.4 x 10" ( | Amplitude |?)

In KL framework £,(980) parameters agree with TUTCY: R.> 1 (555 > Hon+-/» MAsses and

integral of the scalar amplitude.



Kl

€ W Preliminary results #

Do (<]

—_

N-N,, = 13269 = 192 events ¢ =39%

L =(424.0 = 2.5) pb?* o0, =3090nb Br(n—=>yy) =(39.38 = 0.26) %
Pazy. ’7

Brip->nn'y) = (6.92% 0.10,,, + 0.20,) X 10°

Systematics O Br/Br

‘Bekg subtraction 1.7 %

‘Photon efficiency curves | 1.2 9%

Analysis cuts 1.7 %
Luminosity 0.6 %
0, 2.5 %
Brin—=>yy) 0.7 %
Total 3.7 %
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€ ' outlook

250 pb* @vs = 1 GeV, 4 scan points around m(g)

* oy without the background coming from the ¢ ;

* yy—=nm to search for the o meson;

+ ete—»wa’cross section measurement;
» Study of the f, and of the FSR.

On peak data 2 fb*

« Combined fit to #°%z°and n*x~ f, channels;
« Search for f a - KK;
« 179‘7-[4‘ T~ e+ e',nenoyy,nee+e—;y’n9e+e—e+e-

« Dalitz plot analysis »'-=mmy (extracting scalar mesons
contribtion)
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@ scalar physics at KLOE

® - f,(980) y; f,(980) (I=0) —TCT®, TU TC

P - a,(980)y, a,(980) (I=1) - N1t

— Quarksin1l

What is the quark content? Q ’p, orbital angular
Not trivial f , a_almost degenerate, mc_>mentu m, 1

0" "o spin state
but f heavily coupled to the KX channel.

f a
. 0 0 —

Alternative approaches Sird) St
Thedeay mte— Sy can distinguish KK mokaiks

(Achasov- Ivanchenko, NPB315 (1989) 465)

Y )
5 g ,4-"‘:)17,3 5

--------- S u
s T
A) ___é____ l)i,d R

Biagio Di Micco  XIII Lomonosov Conference ~ MOCKBA, 23-29 August 2007



Table 3

Fixed parameters used in the fit for cos? pg and cos? pp

Parameter fq [ Cns Cs =
Value 1+£0.01 1.4+0.014 091=x=0.05 089007 1.24=£0.07

C,.C. OZI rules effect reducing the vector and pseudoscalar function
overlap

f, T, are the f, pseudoscalar decay constant after a rotation in the

q,s base.

<0[)2,5(0)|P(p)>=if.p, |
<0|Jam5(0)|Pq (p) + Ps(p)>=ifppﬂ (ﬁ ff;; — ;QC95¢Q _ffssmd)s
<O|Jam5(0)|Pq(p)> = ifquu n' n' CISIDd)q SCOS¢S
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Present status To complete analysis

1.19% Signal counts/1.7fb! +30% of data under processing
+40% w recover of prompt K decays

0.7% Bkg subtraction X2 rejection from kinematics

1.4% MC Bkg statistics X2 MC stat under processing

1.99% stat error

1.5% incomplete PID CS coverage X 4--8 CS stat available, loosen PID cut
0.9% one-prong CS stat < 0.39% wsing all data
0.9% TRG minimum-bias stat Better control of trigger variables

2.0% syst error
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=

Tt |

A 1=
‘K{\_%,//

Impact of the new measurement wrt PDGOG fit value on the BR(KI3)
measurements normalized to KnZ decays and
comparison with absolute BR(KI3) measurements from KLOE

BR(Ke3) BR(Ku3)
& ® using PDGO6 BR(Kn2) &
; ® using KLOE BR(Kn2) : ¥ using PDGO6 BR(K~2)
e 6 — ¥ using KLOE BR(Kn2) I

D

008 - }
cecll el KLOE NA4B,/2
KLOE NA48,/2 ISTRA+
0048 PR T T T NN T TR TN A SR TN TR [N T TR S TN N S T T TN (N T T 1 . i i b i g
05 1 1.5 2 25 3 35 0.03

Biagio Di Micco  XIII Lomonosov Conference ~ MOCKBA, 23-29 August 2007



= -
== I I| /I B |I"" ) <

s /) \, € lionum stability as a function ofthe overlhpping param eters

—
Escribano asserts that this is due to the use of different parameters z, and z_ that
we take from a fit without assumption of gluonium, we have investigated the
dependence of the fit result from the z, and z, parameter.

KLOE z =091+ 0.05 z_=0.89 = 0.07 z,(Escribano) z,Escribano) 0.9
Escribano z, = 0.83 = 0.03 z = 0.79 * 0.05 z,( KLOE) z(KLOE)
< S0 e 50 < 50
45 f o a5 | o s ¢
OF. - o - b s e 40 | B Rl S a0
35 | 35 b ) 35
30 — 30 7 30 _ XZPKb (%)
25 | oL 25 | - 25
20;—_ - T ¥ 205— R P 202_ 25 - "
15 F 15 b - 15 7 -
i E . 71 -
10 | b 10
s o St 1 -
S . 0o -
%5 06 07 08 09 1 11 1z 12 T B T e L 0%z 04 06 08 1 1z 14

The gluonium is sensitfve to a scale factor variatiofsof both overlapping
parameters. But to reach the null value we have to go far from the Escribano
estimate and we obtain meaningless y? values
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78—
(=)
{

"Constaints variation w ith the scak factor.

‘F\I ! E ‘F'\I 1 [ B 1 [
0.9 ;— ----- ¥1 r(ﬂ_)'w)/r(ﬂn_}w) n.g ;_ IIIII v r{ﬁ-)w}fr(ﬂ"—)w} Il n 9 E_ IIIII v r(ﬂ'éﬁ}fr{ﬂ‘_}ﬂ} Rafl OF
0.8 F Y2 Moy = on) /Tl —>n"p) Eur:|g1m 08 b - Y2rer>en/rw—p : 7q/75 = cost.01
0.7 |~V m/ipsm)  zam038 ey 0.8 |- - Y2rtr—>p)/M@—>ry) Scale=080
AF T ) 0.7 | ---"3 g2/ T(p—>ny i
0.6 | — 14Tty >an)/ra—my) ve b artr—s /s 0.7 f--¥3Mlp=>mm/Mp—>m)
s, ‘ ::'::*.';.‘ 0.8 L—Y4Tly —>wy)/T(w—>7%)
: 0.5 F s, _
b Ve, Z7=012 0.5 3%
0.3 3 R 04fF T,
0.2 g g 0.3 — e
o1 b R 02} R
I WA SN, 0.1 F e N
| 30 32 34 36 38 40 42 44 . o N
Dﬁﬂ 32 34 36 38 40 42 44 46 48 50

&r

B B e
o q/Z8 = cost, . .
1 E—jgé;ggg;;gj ), Scole=050 Drpphgavayl § =yy) makes the fit much more
0.75 1F1 i
5 sensitive to the overlapping parameters.
%1 The 5'->yy constraint makes the fit more stable and

. fix much better the overlapping parameter itself.

—0.25
' The difference with Escribano outcome is in the use

of n'=yy.
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H- contribution to helicity suppressed SM decays
| 2 Hou,Phys.Rev.D 48 (1993)2342

2
1 —tan®3 e MM o ..
Cspr(M — v) T\ my tmg g m%{ Istlori, Paradsi, Phys.Lett.B639 2006)499

In the K .and z case large uncertainty in I'., due to the theoretical factors f, and

f . Much better determination on lattice of f /f_(finite volume effects cancel out).
22

(M — tv)

mIJ
(K= uv) m m 1 | Fep(K—uv) 22w V. P F
R UV K
Y |1-2tan?p * mi—-——2—m’ | — | = 2 o|1-2tan?s s -2
I'(m—pv) m+m, m+m; | mi| T g m—uv) m’, VIV E
u
i

Using: f /f = 1.189 (7) HPQCD-UKQCD [arxiv 0706.1726],
C_and C, from Marciano, PRL 93 231803, 2004
V,, = 0.97372 (26) world average, V = 0.22635 (86) from KI3 (not helicity suppressed)

masses from PDG, I'(z—uv (y)) from PDG, 7(K*) from average of KLOE + PDG
Br(K+* -» u*vy) = 63.66(9)(15) Phys. Lett. B 632 (2006), 76 (KLOE)
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a,®°=(11659180.5+4.4, ,+3.55 +0.2qp,gy) X107
a,P—a % =(27.5+8.4)x 10 ~10[3.30]

Hadron cross section

a

3.1 0.5 13. CeV "
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